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Abstract  Volmc  mixing ratio (VMR)  profks of the chlorine-hearing gases HCI, CION02,  CCls17,  CWj,

Cl ICll ;2, CC14, and C}13CI have bceJI measured bet wccn 3 and 49° northern- and 65 to 72° southern ]al it udcs

wit h the At mosphcric I’race MOlexxIlc  Spwtroscopy (A’I’MOS) inst rumcnt during the Atmospheric

1.aboratory  for App]icat ions aJd Science (ATl .AS)-3 shut t]c mission of 3 to ] 2 November 1994. A subset of

these profiles obtained bet wccn 20 and 49°N at sunset, cmbincd  wilh CIO profiles measured by the

Millimeter-wave Atmospheric Sounder (MAS) also fi”om aboard A’1’l .AS-3, and n]casmuncnts  by balloon for

lIOCI, C] lKCIS and CXl@j,  indicat~  that the mean lWICICII of chlorillc,  ~kr[> was cqlal to (3.50 ~: 0. ~ S)



ppbv (par[s pm billion by volume, or xl 0-9), 1 -sigma, throughout the stratosphere. at the time of the AT] AS 3

mission. ‘1’his  is some. 36% larger than the mean  2.58 ppbv value Immured  by K1’MOS  within the same

lat ituk zone during the Spacc]ab 3 flight of 29 April ?9 to 6 May 1985, consjfcn[  wiih an cxJmncnt jal gt ow(h

rate of lhc chlorjnc loading in the s[ratosphcrc  equal  to 3.2 %yr or a J incar incrcasc  of 0.10 ppbv/yr over the

SJwh~g-  1985 to IMI- 1994 t imc pcrjocl.  ‘1’hcsc findings arc in agreement wi[h both the burdc.n  and increase of

the min anthroJmgmic  Cl-bearing source gases at the smlkcc  durjng the 1980s, confirming that the

stmtosphcric  chlorine loading is Jwimarily  of ant}lroJ~ogcnic  origin.

lNrJ’J/Ol)lJC’J’JON

‘1’hc Atmosphere Trace Molmk (KI’MOS) cxJminn~t  is a multi-mission, shuttJc-based projccl

designed f~)r regular, cJct aikd rcmok  soundings of t k Har[h’s mickllc at nmphm [Famcr,  1987;  G] Non,

1992;  Gunson ct al., 1996].

IMring  its mission of 1985,  ATMOS dcmonstrakd,  for the. first time, the caJ>abilit  y of establishing the

budge.t of and partitioning among the nitrogen, chlorine and fhorinc  Tamilics” [Russell d al., 1988; Zander d

al., 1992.]  through inflarcd remote smsing from sJ>acc.

imt mmcnt oft k A’1’l .AS program, performing acldit  ional

1996].

Subse.qucnt ly, A’1’MOS  was scJccicd as a mm

missions in 1992, 1993 and 1994 [Gunson cl. al.,

in Ibis 1.ctkr,  wc rcJ~or( vohmw mixing ratio profiles for the 7 mosI in~J~ortant  C1-bcarjng  gases

derived from a subset of ATM OS/ATl ,AS-3 sLInsc( OCCUI[  at ions observccl at nort hcrn lat it udcs comparab]c  to

those. covcrcd during A’1’MOS/Spacclat~-3  in 198S. By cC)IllJJJcIllclltil]g  these with proiiks of 4 aclditjonal,

non-ncgligib]c  chlorinat  cd sJ}ccics  mcasuml  by ot hcr cxpcrinmts,  wc cvaluak {hc 1994 st rat osJkric

cJkrinc budget and dcrjvc its rate of change  over the. 1985 to 1994 Iimc pc.riod.

I)A’J’A l]ASlt  ANI) ANAI.YSIS

“Mc main absorption feat urcs used for VMI< retrievals of the

obscrvccl  by A’J’MOS arc primarily those repor(cd in I’able 1 of 7andcr cl

the. A1’MOS  observations with the filters ## 12 (600-1400 cnil), #l 9

342.0 cnil) which were used altcrnatc]y  dining t k NJ’1 .AS-3 mission in

chlorine-bearing {argct  molcmlcs

al, [ 1992]. ‘J’his  involves analyzing

(@O-2450  cni]) and #l 3 (1580 -

]NCCiCtCllNitlCd  SC(]llWCCS dllrill~  68



smsct occLd(ations  that occurred bctwccn  20 and 49°N; among these, a few were discarded for al(.i[ude

covcragc  inccmplctcncss (missing or poor quality individual spectra) so that the present st L]d y encompasses

22 filter 12, 11 filter 9 and 28 filter 3 occu]tat ions. in order to evaluate the I at i(udinal  dcpcnclcJmc  of the VMR

pmfilcs, wc subdivklcd  the 20 to 49°N range of lali(Lldcs  into “mid]atit  udc” (49 to 35°N) and “subtropical”

(35 to 20°N) zones. The molcculcs 1 ICI and C} IsCI arc s(u(iiccl  in flhcr 3 occultations, while all other

K1’MOS-rctricvcd gases arc obtained from 1 ‘il{cr 9 and 12 cvc.nts; to eliminate any biasing arising from the

sampling of the different e.JNcnlblcs  of the filter 3 or the fil[cr  9 and 12. occLd[a(ions,  wc used N20 as a

dynamical tracer  to register} ICl and C} l&l profks  on the same vcrlical  scale as the other gas profiles.

“J’hc VM1-1 profiles were ret ricvcd  wi(h the ODS (OccLd[a(ion Display Spectra) code, an onion-pcelin~,

ret ricvd algori[hm clc.vclopccl  at JP1. and ctcscrke.d by Norton and Rinslanc] [ 1991]. The inpLlt data to the

code and parmcters  necessary to rctricvc consist cnt composition of the al mosphcrc arc discLlssccl  by Ciunson

et al. [1996].

l’hc adoption of absorption cross-sezt  ions fbr a numtm of heavy nmlccLdcs  sLIch as CC121~2, CClll;,

Cl ICI] (~, CIONOZ,..., which progrcssivc]y supcrsec~cd “fudged”, pscLldo-line parameters [Ymcter et al., ~ 987;

Brown et al., 1987] gr~atly improved the absolute quality of related ATMOS data retrievals reported here

Illrown cl al., 1996].

I{W-WJI  :J’S

The mean 1 ICI VMR (volLunc  mixing ratio) valLlc  obtained by averaging all indivklLlal  n~casLwcn~cnts

made dLu”jng  the A’]’] .AS-3 mission near and above 50 km altitude, and over the 3 to 49° N ]ati(Lldc  z,onc was

foLmd cqLlal to (3.50 ~ O. 15) ppbv. SL1b-binnit~gs  pcrformul  over the. northern midlatit ndc and subtrol)ical

Yoncs idcntificcl  before indicated no sta(istic.ally  significant difference with respect to that mean, tlms

suggest ing that 110 is well mixed at the hemispheric Icvcl near and above the s[ratopaLlsc;  this was readily

rcporlccl  by Gun son et

j 992.

‘1’wo important

1 %stly,  it was found that, within  the Lmcertaint  y of the n~casLwcnlcnts,  the total chlorh]c  burden (organic and

inorganic combh~cd)  is prcscrvcd  throLlghoLlt  the strfitosphcrc.  !kcondly,  the VMR nlcasLlrcnmt  of 11(1 in

al. [ 1994] based on the analysis of K] ‘M OS/Kl’1 .AS- 1 obsmvat  ions in March -Aprjl

conclLlsions  cmcrgc,d from the 1985 chlorine bLldgct  evaluation [7mdcr  ct al., 19!12].
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the vicinity of the slrat  opaLlse  (near 50 km altit  LJCIC)  is a good sLm”ogatc  for total strat  osphmic chlorine

loading, bccaLIsc  (i) 1 ICI is the only significant Cl-bearing sink observed tbcrc and above, (ii) all chlorinated

reservoirs present at lower altit  Lldcs, in parlicLdar  CIONOZ,  CIO, and 1 ICXY, have ncgligib]c concentrations

above aboLlt 45 km, and (iii) the main soLlrces  of ~1 arc ahnost  cnt ircly ~lllotc)(~issociate.d  above 4(I km. Hascd

on this conclLlsion,  the northern latit  Llcic  VMR of I ICI near 50 km allit udc made dL1ring the A’J’1 .AS-3 misskm,

i.e., (3.50 + O. 15) ppbv, can bc considered to represent t hc mean st mt osphcric loading of chlorine for the I~all--

J 994 lin~c

‘1’o corroborate this throLlghout  t hc stra[osphcre,  wc cva~Llat cd the burden of chlorine, CI-lCJ1, at

varioLls pressure lCVCIS  by sLmm~ing  n~casLwcci  VMRS of the lwgcsl possible set of C.1-bearing gases (SOLWCCS,

sinks and reservoirs combined) weight cd by the nLmlbcr of CJ atoms bound in each of thcm.  l“m the A’]’1 .AS -

3 t imc pcriocl,  wc pcrformc(i t hc following summation:

CIKn = [1 KY]+ [CIONOZ]  + 4x[CCl~]  + ~X[~~ls];] -t 2x[CCXFZ]

+- IC11C117Z]  + [Cll@] -t {C]()) -t 3x{ Cll@l~  } + 3{C2CJsT/q ) -t- {1 JOC1} (1)

whcm the bmckcts  indicate the VMRS of the seven chlorinated constilLmnts  n~casLmd by ATMOS  and the 4

braces refer to VMRS of additional, non-ncgligib]c  chlorine contribLltors not rctricvcci by ATMOS bLl[ by

ot hcr cxpcrimcnts. 1 n pat-t  icLdar,  the CIO data were clcrivcd from t hc M AS (Millimeter-wave At mosphcric

SoLmcicr)  cxpcrimcnt [Croskcy et al., 1992]  which was also parl oft hc Arl’l .AS-3 payload, so that these ciat a

arc idcaliy suited for incorporation in the present chlorh~c bucigct  investigation; dctaiis aboul t hc C.1O data

analysis have bum reported by Acllig  ct al, [1996]. ‘J’hc VMR profiles for Cl l@ls and C2C1.J~~  were derived

from i) silLl nlcasLmmcnts (iuring a balioon  flight performed by the Jiilich  groLIp (A. 1 h]gcl,  private

co~lll~~Lll~icalio~l)  in Aire-sLw-l’Adour,  France, on 7 October 1994, i.e., about  onc month prior to the A’J’I ,AS-3

mission. ‘1’hc 110C1 proflc was obt aincd  from the analysk of sL]nsct spc.clra rccorcicd with the Mark 1 V IiI’If<

(iuring a balioon flight in Scptcmbcr  1993 near 32°N (G.C. ‘1’eon, private col~~ll~Ll]~ic.atiol~),  scaled by a 3%

inc.mast per yc.w to rcprcscnt  the 1100  loading at the t imc of the Al”1 .AS-3 mission.

11’JGUR1;  1 displays the profiics of the jndivjdual  gases included in the present cvalLlation  for both the,

n]idiatitLdc  (thin fLlli lines) and the subtropical (thin dottcci  Iincs) zones, as wcli as the corresponding total Cl

profdcs  ]abc]cci  Cllol  disp]aycd  as thicker lines.  For C] I~CCIS, (:2CljI  if ant] I ]OCJ, the same profile.s were Llscd

in bot il binnings,  bccausc  of Lmavailab]c  nw.asurcmc.nts  for the t wo lat it uciinal  zones.
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‘J’AB1 X 1 provides numerical VMf< wduc.s  for the norihc.rn  n)idlatitLIclc  profiles displayed as full lines

in 1 & 1, rcporlccl  at a series of prcssLm lCVCIS consist enl with the LJARS-pressure grid; t hc.sc lCVCIS

cormpond  to a slight ovcrsampling when mmparcd  to t hc 3 to 4 km vcr( ical  rcsolLlticrn for the

ATMOS/Al’l ‘AS-3 mcasurcmcnts, lmsccl  m the finilc  inslrumcnl  Jlc]d-crf-view.

“J’hc VMRS of the top and bottom prcssLm ICVCIS of the Cl,[n profile arc equal,  rcspcctivcly, to 3.52

ancl 3.71 pJ)bv, wi[h a corresponding man VMf< and s[andard dcvia[ion  over the entire altit  Lvk span cqLlal  to

(3.51 ~ 0.08) pJlbv. The cxlrcmcs  arc indicative of a 5.3% clccrcasc  of CJICYI which can Ix explained by the

t imc delay fcm air to mix bet wccn 100 and 0.68 mbar (- 16.5 to 50 km) ICVCIS.

The rcpmlccl  t angcnt  hcigh(s (T.] 1.) in “1’ab]c. 1 MC average values corresponding to the 1 Ylcrs 9 and

12 binnings,

11’JGURE 2 wi[b its linear abscissa scale shows some cictails  of the profiles of the key c.omponcnts

which make up the ~.1 inventory for’ the northcm  midlatitu(ic  case (35 to 490). in particLIJar,  wc have

rcpr.oducecl  lhc (KIY curve cowcsponding  to the sum of Cl atom bound in all soLIrcc gases rcporlcd in

Table J, By flulhcr summing over CCIY ancl the inorganic conlJ>ounds  1 ICI, CION02,  CJO ancl I1OC1 also

reproduced in 1 ‘ig. 2, OJIC obtains the thicker continuous CLIWC which corresponds to the total chlorine loading

ClltY1. Within  the estimated uncertainty ranging from 4% at the top to 6% at the bot[om oft hc CIICY1 pl ofilc,

the conservation of chlorine is propcrly demonstrated throughout the stratosphere Within that unccrlainty,

however, wc can not rLJJc  oLlt  some missing, second cwdcr con(ribLltions  in the 35 to 45 km and 18 to 2S km

altiluclc  layers  caLlscd  by some combination of missing reservoirs (sL]ch as COICI,.  ..) and sources (i,c.,

C2C]21;4,...) not accounted for here. ‘1’hc Iowcr allit  Lldc dcfici[  coLdd also reflect some Lmccr(aint y it) the

spectroscopic paramct cm used to derive the. profiles of t hc heavier molcculcs involved in the pr’cscnf

cvaluat  ion (for syst mat ic error ml imalcs  in t hc spcct roscopic parmctcrs  used in the invmion process, scc

lhwwn ct al,, 1996 and GLmson ct al., 1996).

‘1’hc evaluation of the CJIC~I proflc for the sLlbtropical  latitudinal zone (20-35°N;  thick dotted line in

IJig. 1) also indicates a decrease of over 5% be.twccn bottom (3.50 ppbv) and top (3.69 ppbv) VMf<s, wilh a

corl”csJmnding  nwan mixing ratio and standard deviation equal to (3.49 & 0.11 ) ppbv; some deficit in the

lower part of the profile is also notiml.



I)ISCUSS1ON AND CONCl,lJSIONS

‘J’hc nmasumncnt  of the budget of chlorine in the middle. atnmphcrc  involve  a large number of G

bcarhg gases which can not be stmdicct  by any one tczhniqLm  alone, and mlatcd  investigations during the last

years have sought approaches for its cvalua(ion,  based on a more limi[c.d nLmhcr  of mcasLu”cnlcnts.  ‘1’hcsc

have generally invokcct  the work of ]’lLmlb  ancl Ko [ 1992] who dcnmnstratcd  that them cxisl colnpact

correlations bctwccn  the mixing ratios of long-lived atnmsJdlcric  constitLlcnts,  thus providing means of

deriving the dist ribut ion vmus  alt itudc for some species, solely based on concentrations nlcasLud  for othc.rs.

The pmccdurc has bccJI applied and formulated in many cases [e.g., Schmidt et al., 1994; Woodbrictge  ct al.,

1995]. Among these, the application by Schmidt ct al, [1994] is of rclcvancc here, as these authors

dcmons(ratcd  that there cxis( compact correlations bet wem the mixing ratios of the most itnpor[ant, lonp,-

livccl  Cl-bearing source gases (which they sample routinc]y  during nlLdtiplc-sJ~ccics,  in situ balloon soundings

at mid- and high northern lat it uclcs)  and also bet wccn any OJIC of these and the total organic chlorine, CCIY,

bound in all of those sampled. Using CQI;2 as the “refcrcncc”  source gas, Schmidt et al. [ 1994] derived the

function

[Ccl,] = 0.045x [CC121’’2]’”82  + 67.35 (2)

in which the brackets refer to the VMRS of the related coJNpoLuds,  cxprcsscd in units of ppt v (X10-12 ppv).

Application of the above formulation to the midlatituclc mean CCIJJZ profile derived in 1994 by KJ’MOS

produces rcsu]ts which match very well the CCIY obtained in this work, whcJ) accounting for the fact that

Schmidt et al, [1994] sample spccics accounting for 95$% of the total organic chlorine. Worth being not cd also

is that the procedure proposed by Woodbridge  et al. [ 1995], based on a correlation bet wcm N@ and CCIY

was applied by Rinsland  et al. [1996] to derived values for CCIY insi(ic and outside of the Antarctic vor[cx,

also bmcd on ATMOS/AT1.AS-3  obscl”vations;  when combined with related nlcasLmnlcnts of 1 ICY and

CION02, Cll[rl  values equal to (3.48 * 0.21) ppbv and (3.45 & 0.24) ppbv are found, respect ivcly oLltsidc and

inside of {he VMCX, in cxcclent  agreement with the present findings at norlhcrn  midlat  itudcs.

Model evaluations of the chlorit~c  partitioning in the stratosphere as reported here for the AT1 .AS-3

mission arc dealt with and discussed by Michclscn  et al, 11996].
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1 Yom the various indcpcnclcnl rcsu]ts derived here, it can be conclLKlcd  that the overall chlorine

loading at the top of the stratosphere over the 20 to 49°N la[i(udinal  Y,onc was equal to 3.50 ppbv at the time

of the November 1994 K1”l.AS-3  mission, with a 1 signs unccr[ainiy of 0.15 ppbv or 4%; this uncctlaint y

rcprcscnts an estimated accuracy asscssccl  as in previous investigations by Z.andcr ct al. [1990] and Gunson ct

al. [1990]. Throughout the strat osphcrc, fhc Clltn  VMR pmfilcs combining the impor(ant sources sinks and

reservoirs display consistent values which suggest some second order, local  dcfici( and a slope reflecting the

Iimc for air to mix from the lower to the upper stratosphere.

WhcJI compared to the mean stratospheric chlorine VMR of 2.58 ~ 0.10 ppbv derived from the 1985

ATMOS/Spacclab-3  mission [Yandcr  ct al., 1992], the present findings indicate an incrcasc in the

stratospheric chlorine loading equal to 36 VO over Ihc 9.5 ycari time period separating the two missions. This

is consistent with an hcrcasc corresponding to an exponential rate of 3.2%/yr  or a linear change of 0.10

ppbv/yr,  ‘1’hc mean stratospheric Cl VMR clcrivcd from t hc A’1’MOS/Spacelab-3  mission was shown to be in

cxccllcnt  agrccmcnt with the corresponding 1980 Cl inventory in the lower Iroposphcre [Zmdcr ct al,, 1992

ancl WMO Reports No. 16, 1986 and No. 1$, 1990], indicat ivc of a mixing t imc of about 5 years for free

iroposphcric  air to bc transported and mixed throughout t hc s[rat  osphcrc. ‘J ‘hc upper shat osphcric Cl loading

derived here (3.50 ppbv) fbr the t imc of t hc AT1 .AS-3 mission of November 1994 mirrors prcciscly the

tropospheric Cl content that prcwailcd  in 1989-90 [ WMO l{cpor(s No. 25, 1992 and No. 37, 1995], thus

confirming the 4-5 year lag time between tropospheric and stratosJilcric  chlorine loa(iing  identity (a similar

dc]ay has been reported by Bischof ct al. [1985] and Sc}midt and Khcdim [1991], based on cadicr

mcasLmn~cnts  of the detailed distribution of C02 vcrsLIs  altitude). In aclclition, the rate of change, of 3.2 %/yr

dcdLlccd  here agrezs very WCII with t }~c increase of the organic chlorine burden in the lower t roposphcrc (i.c,,

0.1 W pJlbv for a total of 3.18 pJlbv in 1986 mi 0.109 pJ>bv for a total loading of 3.46 ppbv in 1989; scc

WMO Rcporls No. 18, 1989 and No. 25, 1992.; also NASA l’Llb.  1339, 1994).

As a conscqucncc  of the cxccllcnt  agrccmcnt between the s~ratosphcric  chlorine loadings and rates of

change derived from the N1’MOS  missions of 1985 and 1994 ancl lhc surF~cc  mcasurcmcnts  of Cl-bearing

gases some 4-5 years carJicr,  there remains lilllc  doubt that the bulk of stratospheric chlorine and its evolution

arc primarily associated with the rclcasc  at the ground of chlorin~tcd source gases produced industrially. As

conclLKlcd  by Gunson ct al. [1994], this implies that natural sourc.cs of c}dorinc,  in particular Cl I&l and
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perhaps ~CII, and volcanic activity, have contrit>Lltcd  ncgligib]y  to the changes in the bLmlcm of ~1 in Ihc

stratophcre  over the last decade or so.

‘1’hc 1987 Montreal Protocol and ils lxmdon  and ~opcnhagcn  Amcnchncnts  arc intcnclccl  to rcclLlcc

the fLlturc ]CVC]S of atnmsphcric  Chlorine (see continoLls  curves in IUG(JRE ~, top frame,  adapted from

GLUNOJI  cl al. [ 1994]) by regulating the proclLlction  and release in the atmosphere of the most important

mthropogcnic,  (Ibcaring soLlrcc  gases at the groLm(l, primarily the cllloroflLlorocallJoIls  (OKk).’l’hc

successive ATMOS missions have provided thus far the most consistent and complete set of measurements

(see the 4 }lCY results disp]aycd  in l~ig. 3) nccdcd to “watch” the timely chlorine loading and to moclcl its

impact on ozone dcplct  ion throLlghoLlt the cnt irc st ratosphcre.  Similar mcasurcmcnts  will bmomc critical in

the near fLltLm when the stratospheric ]oading is cxpccicd to Slall  dccrcasing, to test the illll>]clllc~ltatioll  of

(11c Protocol and the vdidit y of the model predict ions.

Also rcprodLlccd in l~ig. 3 (bottom fiamc) is the model prcciiction in the sLlrfacc  flLlorinc loading

dLwing the rcccnt  ancl coming dccadcs, based on } %waring soLlrcc  gases emissions at the sL]rfacc and

at mosphcric lifct imcs [Prat hcr and Watson, 1990]. “1 ‘hc increase in st rat ospllcric  } 1 t: has also been mcasurcc]

regularly by ATMOS (SCC the 11 [; points in liig.  3), and ils bmicn and rate of change arc in concordance with

the 110 findings, suggesting that both gases arc the Ldtitnatc  sinks of chlorine and fluorine-bearing source

gases rclcascd to the atmosphere from industrial production, and that background] contributions from natural

soLwccs arc ncgligiblct
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}dGIJRli 1.- Graphical representation of the individual volmc  mixing ratio profiles inckkxl in the evahlat ion

oft hc 1994 stra[osphcric Cl-loading for the nor(hcrn midlat i(mic (35 to 49°N; thin full lines) and sLlbtropical

(20 to 35°N; thin clashccl  lines) zones. ‘J’hc thicker full ancl dashccl  lines display the corrcspcmding  Cl buclgcts

throughout the slratosphcre,  sources, sinks and reservoirs combined, of the 11 reported profiles, 7 were

clcrivcd  from A’1’MOS/Nl’1 .AS-3 observations (non-braced molccu]cs),  1 from MAS/A’l’I ,AS-3 (CYC))  and 3

from balloon  nlcasLmmcnts (~}ls~~]s,  ~2~1sFq and 1 IOQ. For dctai]s, see text. While all sLlbtropical  profiles

cxpcricncc uplifting, opposite mlativc  cent ribLlt  ions to Cll[Y1  arc noticcab]c  bet wccn soLMccs on onc hand, an(i

sinks and rescrvois  on the other hand.

l/l CiURli  2.- A linear-scale prescntat ion of the key components entering in the total Cl-1oading evaluation

throug}louf the shatosphcrc.  ‘lshc CKIY cLuwc refers to the total chlorine bound in all organic source gases

lis[cd in ‘1’able 1. Cl,(rl rcprcscnts the sLmm~ation  ovc.r ~OY, 1 IQ CIONOl, C1O and IIOCY.

1 JIGURI  i 3.- Rcprcscnt at ion of the modcllcd  changes in t ot al t roposphcrjc  chlorine and fluorine loading, based

on the controlled release of long-lived Cl-bearing source gases by the Montreal Protocol and its Amcndnlcnts.

‘1’hc 1985, 1992, 1993 and 1994 ATMOS n~casLmnmts  of 11~1 and 11 t i near the s(ratopame  (-50 km),

sLmogalcs for the change in tot al stra(osphcrjc  Cl and F loading, are rcprod uced by open circles; their offsets

with respect to the model cLme reflect the time for vertical transport and mixing from the grounc] LJp to the

slrat opause  (as WCII as the cent ribution  of ~J J4 still present at 50 km al[it LKIC),  l’hc range of at mosphcric

chlorine and flLlorinc  loading reflects the unccrtaint  y in the fLlt Lm usage of chlorine and fluorine-bearing gases

adopted as SLlbStitlltCS  following the phase-out of the (Y K;s in 1996.



TabIe L- Northern  Midlatitude Chlorine Budget through the stratosphere

?.,mbar  T. H., Iam HC1 CIONOZ  : CH3C1  ~ CCL I CCISF CQFZ ! CHCIFZ ~ C~ClqF? i CH3CC13 c~o ; Hocl ~ CITm , CCIV , ~QO

all volume mixin: ratios in 10-l(J parts per vokne

0,68 ~ 50,15 35.20 ~ 1 , ! I 3 5 . 2 0 ~ 36,41
1,00 \ 47,25 34.30 I I 0,50 0,10 3 4 . 9 0  ~ 51,7

1,47 44,36 31.50 ; I
I I 2,50 0,72 34.72 i 68,4

2,15 41,55 29.20 ; I
I 4,00 I 0,85 34.15 : I 117

i
3,16 !  38,82 27.20 1,21 I 5,20 i 0,92 i 34.53 : 228

4,64 ] 36,15 26.40 ~ 1,73 I 5,10 \ 0,79 ~ 34.02 ~ I 379

6,81 33,54 26.10 3.89 ~ 0,20 ~ 0,40 i 3,3(J 0,79 t 34.88 ~ 0,80 ~ 560
10,00 30,99 24.10 ~ 6,92 I : 0.88 I 0,63 0,08 ! 2,40 0,68 36.71 ! 2,61 ~ 819
14,68 ! 28,48 20.20 ~ 8,84 ~ 0.32 ; ! o,l~ : 1,37 0,66 i 0.11 1 I 1,80 ~ 0,46 j 3 5 . 7 5 4.45 1160

21.54 ~ 26,01 17.50 9,01 ; 1.23 ~ 0,02 0,24 1,87 0,73 : 0,13 0 . 0 1 1,50 ~ 0,27 35.1s 6.90 ~ 1400

31,62 j 23,58 17.10 ! 7,46 1.48 i 0,08 j 0.36 ~ 2.31 0,73 1 0,21 0,05 ~ 0.90 ; 0,15 34.62 I 9.01 ; 1560

A6,42 2 1 , 1 7 16.00 i 4.82 1.69 ~ 0,28 ! 0.81 2.85 0,74 I (),~~ I 0.22 I : 0,07 ~ 34.21 ; 13.32 [ 1s70

68,13 18,78 11.00 2,22I 2.60 0,67 !,68 3.63 0,92 0,49 ‘ 0.63 35.09 21.87 ; 2360

100,00 16,39 7.10 1~ o,84 ; 3.39 : 1,09 I 2,36 : 4,32 1,12 0.56 0,96 ~ i 37.09 29.15 i 2780

TABLE 1
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